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CHAPTER I
INTRODUCTION
The realization that the world of the future will
depend to a marked degree upon channeling the knowledge
and applicaLions of basic scientific principles into
areas for the advancement of civilization was never more
forcefully brought home to mankind than it has been
through events and discoveries of recent years. Dovm
through the ages, man's dependence on science has
increased with every improvement in the methods of travel,
work, and living itself. Gfas warfare, jet propulsion,
V-bombs, and long-range bombing attacks have recently
haa man at tae mercy of science. Not until atomic bombs
shattered Hiroshima and Nagasaki and blasted civilization
into a new era aid man finally realize his complete depend-
ence on science. Man now senses the importance of these
events to every living being for generations to come.
Hence, there is a renewed interest in science and in che
applications of its basic principles. From this awaken-
ing, a more active participation in the field of science
can be expected.
In 19bS, after Dr. Guy Montrose Whipple encountered
difficulty in trying to interest the Council of the
American Association for the Advancement of Science
-1-
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ar-ao J"i &ft--.a.y’Yi oj oeod u;i^;;P;id vIlL'tfto'x
fl^iCCl • <^'X.SjOV tiiSOriT! tsJ ?i £J i V<j 0 ^
X
0 SJftY '/.. f^^Uv -.Hv
asii scnpios cxo ©OfiSl'Xtyqii’i)^ -a'li??!:. ^ x:$;g£i c-n J fi.jtiC'iXiv
t
';av:^‘io- 10 - sPonXt'Xu sfU ni Jaor4ir>vo'xqx:i vTC^vy ;'Ji'.^ oes.s’^'rp.r'x
.ncioIoqe'TX w-i^t ^nlvxl i>r:i
•^Xxxiooe-i S';.«i1 s>'-oii>xJ‘u Vitiai:oq on 3' ^edxx;Cii"-7.
-
eo-joci oitxou,:.. HV;-l.jo.: .eonf>*oa t-;. doj wjj n;>it oi;n •.'’#;
iroi j ;ix flvXa o«v?.:i&-rii: Oiie l-rtHk^v ..-;i.l,£l<30*tiH
-.>n:a-eu ^ooIqf:;Go ^ir aiziXsp'X xXtBnx t n^ii: oip xx
;
oosr’j lo' t^p.T^o'rcqOi' 69^Bn-sn won nr£^. .eons ice no eons
. x-co. ou ^ncxj^'i^rro:^. 'lox ^hioo ^nivil X'xsve co
-
rn: rri- Df:£,,.c^onsi os nx odS’XCvTax Oevienep^ Bi €S'X£i1J- ^oon«g:iXC;'''.
^ . - •. . ' . . -'• 0-.:.* ..j.-
•
' "
•
' t
'
'
'
-no:io-VJ3 .selqicni’xq oi&fio to s/jci xjxoi
^
Monoxoo la adt nl /ioi.^.oqiOxsn:4sq svixos a-fost £ .s
'
i><', J-5l3,rrVf'. Q'j n^>Li
D*o'i‘-' onao on?:- aXqq iriW eaPOCsTacH xe nl
fir
exit to XXOitXfoD ©do jEeisOnx oj /xo ni 'fJlJjoi %.i,
•.
ain ttie production of a textbook, in tbe field of the
teaching of science, the National Society for the
Study of Education issued A Program for Teaching Science^
as Part I of its Thirty-First Yearbook. This Yearooox^
placed heavy stress upon the understanding of generaliza-
tions and principles. In order to satisfy one of the
general aims of education—that of life enrichment through
the ability to participate in our democratic order
—
experiences must, according to the Yearbook Committee,
be provided in the classroom. It was postulated that
these experiences could in "large part be developed from
the unoerstanaing of principles and generalizations that
ramify into human experiences.”’^ Moreover, it was believeu
that a complete and thorough understanding of these
principles should permit individual solution of problems
which students v/ill encounter. The school can, therefore,
contribute ”to life enrichment if its activities are of
the kind from which ideas may be developed and if the
ideas may in turn be associated into principles and
generalizations that are interwoven into human experience.”'^
" Program for Teaching Science
,
Thirty-First Year-
book of the National society for the Study of Education,
Part I, Bloomington, Illinois: Public School Publishing
Company, 19bii.
^ Ibid
,
p . 42.
d lbid
.
,
p . 42.
^ Ibid
.
,
p. 42.

Accoraing to the Progressive Education Associaoion •
s
Science in General Education
,
the student “should oe
aole to aevelop the understandings, sKills, ana attitudes
necessary I'or the maintenance of good physical and mental
health. He should be aided in developing a sense oi the
gi'owth ana effectiveness of knowledge through study of
the major scientific ideas, t.heir influence on thought
and conduct and on the conditions under which men live
together, and their bearings upon man*s conception of
his place in the universe.
All of this can be accomplished by a study of
understandings which aefinitely have a central place
in education. The Association uses the term generaliza-
tions to represent unaerstanaings Science instructors
will have accomplishea effective teaching only v;hen an
indiviaual is able to understand a generalization in
the light of "a group of relationships not previously
sensed and so brings about a reorganization of his
7behavior.
“
^Progressive Education Association, Commission
on Secondary School Curriculum, Science in General Educa-
tion
.
p. at3. New York: D» Applet on-Century Company, 19db.
^ Ibid .
,
p. 61.
*^Ibid
.
,
p . 55
.
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4Downing® stated ttiat it one is to lead pupils into
healtiitul ways of living, he must give them an under-
stanuing of the important principles or lav;s of health.
He further staoed, that if a pupil is to become »*a worthy
member of the home, he must understand the principles of
heredity, of home sanitation, etc., and must be suffi-
ciently skillful in thinking to apply successfully such
principles to tne specific problems he must face."
SURVEY OF RESEARCH STUDIES ON
PRINCIPLES AS OBJECTIVES OF INSTRUCTION
IN SCIENCE TEACHING
At least five higher institutions of learning have
worked or are currently working (1947) on scientific prin-
ciples and the importance of such principles to the teach-
ing of science. These studies, according to Martin,^ are
carried on independently at three schools: namely, tae
University of Chicago, under the direction of Elliot R.
Downing (deceased); Columbia University, under the guidance
of S. Ralph powers and Gerald S. Craig; and the University
of Michigan, under the leaaership of Francis D. Curtis.
More recently, further studies dealing with scientific
principles are being conducted at New York University,
^Elliot Rowland Downing, An Introduction to the
Teaching of Science
,
p. 6. ChTcago: University of
Chicago Press, l$o4.
”w. Edgar Martin, "A Chronological Survey of Research
Studies on Principles," Science Education
, XXIX (February,
1940), 40—52.

unuer the guidance oi Charles J. Pleper and Martin L.
Kobertson, and at Boston University, with Vaden Miles
as airector.
In a stuay conducted in 1927, Graig^^ maintained
that "certain objectives that are selected tor a course
01 stuay in elementary school science should conform to
those factors, principles, generalizations and
uypothesis of science which are essential to the inter-
pretation of common natural phenomena of the environ-
ments of man.'»
HeinemannH in 1927 made a study of tv/enty general
science textbooks, in order to discover hov; much impor-
tance was accorded principles. A principle was defined
as 'a statement of relationship between two or more
facts. The booits selected were those printed
between 1915 and 1925. One booic, published in 1917 and
employing about fifty percent of all the principles
found in the textbooxs, contained forty-five principles.
In all "ninety-three principles and over tv/o-thousand
applications to principles were found..."^^ According to
Heinemann, "the results of this study would indicate that
it)cjerala S. Craig, Certain Techniques Used in Develop-
ing a Course of Study in Science for the Horace Mann
Elementary School
,
Teachers College Contribution to Educa-
tion, No. 276, pp. 56-57. New York: Teachers College,
Columbia University, 1927.
llAilsie M. Heinemann, "A Study of General Science
Textbooks," General Science Quarterly, XIII (November, 1926)
11-25.
3-<^Ibid
.
,
p. 11.
^^Ibid
. ,
p . 22.
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6a booic built on principles is yet to be y/ritten. Such
a book would be in accord with the definition of a
science, and were it enriched with applications to life
situations it might meet a real need of the Greneral
Science teacher.
Martin^^ stated that »in 1951, Wilbur under tne
direction of Curtis at the University of Michigan made
an investigation to determine the scientific principles
contained in textbooks of general science published
between 1^24 and 1901. In this study the criteria for
the determination of a principle were formulated by
six graauate students in a Seminar in Problems in the
Teaching of Science."
Wilbur’s definition of a principle and the criteria
he used for determining v/hether a statement v/as or was
not a principle were statea by Martin^^ as follows;
A principle of science is a comprehensive generali-
zation Which:
Is stated positively and definitely.
Is true but with rare exceptions within the
limitations set up by the statement.
Clearly states or implies a dynamic process
or interaction.
Is demonstrable experimentally.
Is clearly not a part of a larger principle
which can be definitely stated.
^^Ibid
. ,
p . 20.
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Martin, op. cit., pp. 45-52.
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Is noo merely a definition or description.
Has wide application in the natural
environmenc. and is nox. ruled out hy
any of the preceding criteria.
Fourteen general science textbooks used in the
ninth grade were analyzed by Wilbur. The statements
in the texts which sauisfied the criteria given above
were selected. **The principles were tabulated and
submitted to subject matter specialists in biology,
chemistry, geology, and physics for validation in terms
of the criteria and for revision of the statements
v;hiCQ were inaccurately or unsatisfactorily stated.
The list of 170 principles was then submitted to ten
teachers of general science who were asked to designate
these principles which vi/ere necessary, desirable or
undesirable in a general science course.** The findings
of the study were that "*of the 170 different prin-
ciples of science from all 14 textbooks, but 18 were
given, even in part, in principle form, in more than
half of the textbooks analyzed ... of these 18 principles
^‘^Oliver B. Wilbur, A Study of the principles of
Science Contained in G-eneral Science Textbooks Published
Since the Beginning of the Year 1924. Unpublished
master’s thesis, University of Michigan, 1951. See
W. Edgar Martin, **A Chronological Survey of Research
Studies on Principles As Objectives of Instruction in
Science,** Science Education, XXIX (February, 1945), p. 47.
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oonly five were among the principles .. .which were re-
garaed as necessary by the ten instructors who evaluated
x-hera, * while five principles regarded as necessary by
all the instructors were included in fewer than four
of tne fourteen textbooKs analyzed
•
Downing^^ has done extensive v;orK in analyzing
writings dealing specifically with scientific principles
and their application. He deplores the fact that the
^
science texlbooics in most of the secondary schools
devote a very small space to a clarification of the
principles or to the application of these principles to
actual problems which the students will face. He states
that "scientific facts, unless organized to demonstrate
or elucidate principles, are relatively useless. They
do not function in proolem solving; they are soon for-
gotten... In so far as they (textbooks) do deal w'ith
principles, the ones presented are often not those
of most importance in solving the problems that arise
in the life of the average person.
KObertson^^ in 19o4 investigated ten studies
^^Ibid ., “p» 47.
l^Downing, 0£. cit .
, pp. i37-51.
^^ Ibid .
,
pp. 49-0O.
^^Martin L» Robertson, A Basis for the Selection
of course Content in Elementary Science. Unpublished
Doctor’s dissertation. University of Michigan, 19b4.
See Third Digest of Investigations in the Teaching of
Science by Francis D. Curtis. Philadelphia; p. Blakiston’s
Son and Co., Inc., 19b9, pp. b-19.
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9dealing scientific principles. From these sources,
he selected major and minor scientific principles. The
^ follov/ing criteria^^ of a principle of science were
used as a basis of selection of principles;
To be a principle, a statement;
Must be a comprehensive generalization.
It rausf be true without exception within
the limitations specifically stated.
It must be a clear statement of a process
or an interaction.
It must be capable of illustration so as
to gain conviction.
It must not be part of a larger principle.
It must not be a definition.
It must not deal with a specific substance
or variety, or with a limited group of
substances of species.
A jury, consisting of the investigator and three
representatives of the Science Department of the
University of Michigan High School, compared the principles
that were found in one source with the criteria listed
above. Those principles which did not conform to the
criteria v/ere discarded. In a fev; instances, principles
were reworded so as to meet the standards set up. Those
principles that satisfied all of the requirements of the
criteria v;ere returned. Those statements which were
'deemed to be doubtful were then analyzed by six specialists
in the science field; two zoologists, two chemists, a
^ physicist and a geologist. Each statement which
^
^Ibid
.
,
pp. 4-5.
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appearea lo be untrue was discarded or reworded so that
it coula be classed as a correctly stated principle.
The final list of principles and subsidiary principles
totaled 240. These principles were then submitted to
twenx-y supervisors and professors of the teaching of
elementary science ano were rated on a five-point
scale. On the scale, 1 was the lowest rating for
suitaoility for teaching in Grades I to VI, inclusive,
and 0 was the highest. All those principles averaging
b.O or more were deemed suitable for the teaching of
science. From this rating, a final list was prepared.
This list reduced the total to 11b principles.
Robertson^^ also found that "There is a wide range of
opinion among these elementary science experts with
respect to Lhe suitability of the various principles."
ana that "there is a noticeable lactc of uniformity
among investigators with respect to the statement of
principles."
Pruitt^^ in 19bb conducted research to determine
^’^Ibid
.
,
p. 6.
«i^Clarence Martin Pruitt, ^ Analysis , Evaluation ,
and Synthesis of Subject-Matter Concepts ana Generaliza-
tions in Chemistry . Doctor’s, dissertation. Teachers
1^ College, Columbia University, 19b6. See Third Digest
of Investigations in the Teaching of Science by Francis D.
Curtis. Philadelphia: p. Blakiston’s Son and Co., Inc.,
19b9, pp. lbb-16b.
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the concepts and generalizations in chemistry which would
be oi definite aid to man in relation to his environ-
^ raent
. An analysis was made of: three examinations;
over 50,000 pages of material in five sociology books;
a year's issue of The Atlantic Monthly
,
The Forum
,
and
Harpers Magazine ; a year's issue of eight newspapers;
twelve issues each of Popular Science Monthly
,
Scientific
American
,
and Science Newsletter ; nine issues of Scien-
tific Monthly ; and 55 textbooks covering the various
science subjects. From this analysis, concepts and
generalizations v/ere selected which conformed to tne
following criteria:25
A generalization shall be as simple,
comprehensive, and definitely stated as
possible
.
A generalization must be a statement of some
fundamental process, or constant mode of
behavior or property relating to natural
phenomena
.
A generalization must oe true without excep-
tions within the limitations made in the
Statement
A generalization must be a statement capable
> of demonstration.
A generalization must not be subordinate to
a larger generalization.
A generalization must not deal v;ith specific
or limited groups of substances.
A generalization must not be a definition.
One hundred thirty-five generalizations were
t selected as meeting these criteria.
1^'
^^Ibid
. ,
p . 156
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Wise^^ conducted an extensive investigation in 1941
to determine those principles of physical science v/hich
are most important for general education. The criteria
which he used for this investigation were very similar to
those employed by Arnold, Pruitt and Robertson. Following
are the criteria^*^ used by V/ise:
A principle is defined in terras of four
criteria:
A. To be a principle, a statement must be a
comprehensive generalization describing
some fundamental process, constant mode of
behavior, or property relating to natural
phenomena
.
B. It must be true without exception within
limitations specifically stateo.
C. It must be capable of illustration.
D. It must not be a definition.
With the above criteria as a standaro, 252 principles
were found. These principles were classified into the
following fields: physics, including astronomy and meteor-
ology, Ibb; chemistry 58; and geology 19. Contributing
studies resulted in twenty additional principles which also
satisfiea the criteria thus making a total of 272 principles.
These were then submitted to specialists in the fields of
physics, chemistry, and geology. Each of the specialists
submitted written recommendations to the investigator for
^^Harola E. Wise, A Determination of the Relative
Importance of Principles of physical Science for General
Education. Unpublished Doctor’s dissertation. University
of Micnigan, 1941. See Science Education
,
XXV (December,
1941), 571-9; XXVI (January, 1942), 8-12; XXVII (February,
1945), 56-40; XXVII (Septeraber-October
,
1945), 67-76.
^'’^Ibid
. ,
p. 571.
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tne restatement of certain of the principles '•in accordance
with the criterion pertaining to the accuracy of the state-
ment . Of the final defensible list of 272 principles of
physical science, 264 v/ere arranged in the relative order
of importance . for general eaucation grades I-XIV,
inclusive
.
In an analysis of textbooks of science for the
elementary grades, Reek^^ in 1946 found tnat the ideas
propouncec oy the Thirty-First Yearbook had not taken
effect upon the authors and publishers of the textbooks.
In 1944, an investigation was conducted by Martin^^
which closely paralleled the work performed by Wise.
Martin, however, determined the principles of biological
science of importance for general education.
The criteria*^^ used by Martin are as follov;s:
(1) It must be a comprehensive generalization
v;hich resumes the widest possible range of
facts within the domain of facts with which
it is directly concerned. The facts resumed
in the generalization must denote:
^^Ibid .
,
p. 67 o.
S^Doris Lucille Reek, A Study of the Principles
of Science Pound in Four Series of Textbooks of Elementary
Science. Unpublished Master's thesis. University of
Michigan, 1946.
Edgar Martin, “A Determination of the prin-
ciples of the Biological Sciences of Importance for Gen-
eral Education," Science Education, XXIX (February, 194o),
45-52; XXIX (March, 1945), 100-5; XXIX (April-May, 1945),
152—66
.
*^^Ibid
.
, p . 50 .
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a. Objects and/or events and the relations
between them.
b. Properties.
(2) It must he scientifically true. To satisiy
ohis criterion;
a. It rausL be verifiable; i.e., it muso be
stated so that, it suggests, direcoly
or indirectly, a definite observation
or experiment whereby its truth value
can be tested or verified*
b. It must be consistent with the boay of
accepted scientific Knowledge, ana
except for a few limiting or singular
exceptions, with all the data (facts)
relevant to it.
The material analyzed consisted of three junior
college textbooKs in the natural sciences, three biology
textbooKs of the secondary-school level, scientific
principles in the reports of five research studies,
and ”a survey series of the biological sciences pre-
pared for the general reader.
The statements obtained were then submitted to
tnree specialists in the science field, and the general-
izations were evaluated "each in terras of two criteria:
(1) Is the statement a generalization of the biological
sciences? (2) Is it a principle?"^^
The statements whicn v;ere found to satisfy booh
criteria were classified as major principles; those vmich
satisfied only the first criterion were considered minor
^^Ibid
.
, p . bO .
^^Ibid
.
, p . 50 .

principles. The investigator ttien referred all the major
principles to three subject-matter specialists. These
specialists refined tne statements and determined the
veracity of the generalizations.
Martin'^'^ also, “analyzed the materials found in
two years consecutive issues of two specialized magazines,
Hygeia
,
and Nature Magazines
,
of two non- specialized
magazines. Life and Readers Digest
,
and in a random,
sampling of twenty-four issues of three selected news-
papers for the period from 19ii9 to 1945. The issues
were read and analyzed for materials for the under-
standing of which a comprehension of a principle, or
principles from the major or minor lists might be con-
sidered necessary. For each statement, or statements
from any one article which were assigned to a principle
in the lists, the principle was arbitrarily assignee a
frequency or 1. A total of 26£0 statements or articles
from the magazine and newspaper materials analyzed, was
assignea to 22sd of the 500 major principles and minor
principles related to them.“
Fleish^^ in 194b conducted a study to “determine
Edgar Martin, “A Chronological Survey of pub-
lished Research Studies Relating to Biological Materials
in Newspapers and Magazines,” School Science and Mathe-
matics
, XLV (June, 194b), 545-bbO.
’^^Sylvia Fleish, The Formulation of the Science Prin-
ciples That Should Become the Objectives of General Science
Teaching in the Junior High School. Unpublished Master's
thesis, Boston University, 194b.
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those science principles which should become the
objectives of the general science course Through
the use of a question box procedure, it was seen that
sixoy principles of general science were found to under-
lie the questions of interest to the students of toe
junior high school. A lisL of twenty general science
generalizations v/ere also established for the elementary
school
.
Jones^'*^ in 1946 analyzed seven ninth-grade general
science textbooks for scientific principles. The books
selected v;ere those published after the publication of
the Thirty-First Yearbook, specifically to determine
whether or not the writers conformed to the policies
of the Yearbook Committee.
The following criteria were used by Jones
A principle of science is a comprehensive general-
ization which
Is stated definitely, not inferred.
Is x.rue but with rare exceptions within the
limitations set by the statement.
Is a clear statement of a dynamic process or
of an interaction.
Is not merely a definition or a description.
Is demonstrable experimentally.
Does not deal with specific substances or varieties.
Has meaning outside of the context.
’^^ Ibid .
,
p. 1.
'^‘^Ruth V. Jones, A Study of the Principles of Science
Found in Ninth-Grade Textbooks of General Science, Unpub-
lishea Master's thesis. University of Michigan, 1946.
^^Ibid.
,
p. 24.

In this study a list of 146 principles v/ere selected.
Jones concluded that there is little or no agreement as
to the scientific principles thax, should be taught at the
ninth-grade level.
Bergman^^ conducted a study with the purpose of
developing a list of principles of entomology in toe
order of their relative significance for general educa-
tion. The investigator analyzed 17 entomological text-
oooics, 140 articles, research studies publications, etc.,
and oO reference books dealing with specific aspects
of entomology. A total of 52 principles of entomology
were determined.
These fifty-two principles were then coraparea with
the biological principles determined through previous
studies of other men in science, to determine whether
the principles found in entomology were based upon,
related to, or subordinate to the biological principles.
The results showed thax, the total of 52 (45 major
and 7 minor) principles of entomology are subordinate
to, related to, or correspond to a total of 45 (27 major
and lb minor) principles of biology. A concluding article
by Bergman did not appear in the literature in time to be
included here.
o^Greorge J. Bergman, **A Determination of the Prin-
ciples of Entomology of Significance in General Education,
Science Education
, XXXI (February, 1947), 25-32.
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Blanctieb,^^ using Wise's list of 272 principles of
physical science, .Martin's list of bOO biological prin-
ciples and the criteria of a principle employed by them,
respecively, employed defensible research techniques
To determine the principles of science most
suitable as goals for survey courses in x.he
naLural sciences at the junior-college level.
To determine the extent of their inclusion in
textbooKs for use in survey courses.
To obtain a list of informational items, in
outline form, for these courses, and
To survey sx-udent opinion concerning the relative
values of topics studied in them.^l
The principles of science most suitable as goals for
survey courses in the natural sciences were determined
"on the basis of the combined judgments of college teachers
of science ana of specialists in the teaching of sciences
.
It was necessary to develop criteria for selecting
principles from textbooks in order "to determine the extent
to which the principles of science most suitable as goals
for survey courses in the natural sciences v/ere included
in textbooks published for use in these courses. In
selecting principles from textbooks, Blanchet^^ used the
following criteria;
4077aloo Emerson Blanchet, A Basis for the Selection
of Course Content for Survey Courses in the Natural Sciences.
Unpublished Doctor's dissertation. University of Michigan,
1946.
^^Ibid
.
,
p. 64.
42 lbid .
,
p. 67.
^-^Ibid.
,
p. 115.
44ibid ,
,
p. 118.
i
A statement was considered to be that of a particular
principle
1. If it expressed completely the idea emhooied in
the original statement of the principle.
2. If, though it did not state all of the elements
of the principle, it was referred to by the
author or authors as being the said principle.
b. If it unmistakably implied the principle and
could be so reworded so that the principle was
stated
.
4. If, though it did not state the principle in full,
it could be combined justifiably with another
statement in the same paragraph or section, which
together stated the principle or could be reworded
to do so.
After formulating a composite outline of topics
related to the physical sciences and a similar outline
related to the biological sciences and having the aefensi-
1
bility of the position of each topic in the outline approved,
Blanchet^^ employee three specialists in the teaching of
science to check the def ensibility of the assignment of a
large sampling of the topics to principles on the basis
that a discussion of a topic might reasonably be expected
to include materials contributory to developing an under-
standing of a principle. “A total of 1171 assignments of
physical topics v;as made to the [272j physical principles
and 970 assignments of biological topics were made to
the bOO principles of the biological sciences
.
^^Ibid
.
,
pp. b02-b07; 340-416.
^^Ibid.
,
p. 307.
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Keeslar’s invest.! gat ion represents the only effort
•to determine the extent to v/hich certain selected instruc-
tional films in science contribute .. .to the realization of
three major objectives of science education in the secondary
schools. These three teaching objectives, in terms of
which the film contents were analyzed, are:
I. TO effect an understanding of scientific principles
that will function in the everyday life and
activities of the student.
II. To teach the elements of scientific method as skills
to be employed in the solution of problems.
III. To develop the scientific attitudes
.
It was "considered that an expressed idea in a film
maxes a contriDution to the understanding of a SCIENTIFIC
PRINCIPLE if io seems reasonable to infer (that is, if there
is defensible evidence to indicate) that the narrator of a
sound film or the author of sub-titles in a silent film nad
a definite scientific principle in mind and was manifestly
artempoing to teach it.’*'^^
This principle must have photographic or narrated
data to illustrate it and must satisfy at least one of the
following conditions:
a. The expressed iuea must be unmistakably a statement
of a scientific principle, satisfying the criteria
of a principle, or the narrator must designate it
to be a principle. In the latter case, also, it
must satisfy the criteria of a principle.
'^''Oreon Keeslar, ’Contributions of Instructional Films
to the Teaching of High School Science, * Science Education
,
XXX (March, 1946), 82-HS.
^oibid
.
,
p. d4.
^^Ibid
. ,
p. So
.

b. The statement must be capable of being rev/oraed so
as to become a scientific principle, without loss
of its essential idea.
c. The statement must employ a technical term or
phrase which has direct reference to an accepted
scientific principle, or which cannot be understood
without an understanding of a scientific principle.
To be considered a scientific principle
,
a statement
Must oe a generalization.
Must be a clear statement of a process or an
interaction.
Must be capable of illustration so as to gain
conviction.
Must nox, be a definition.
Must not deal with a specific substance or
variety, or with a limited group of substances
or species.
\7ith respect to principles, Keeslar^^ concluded that
“Y/hen the six films of the inspirational type, in which the
theme or subject-matter tended to preclude the possibility
01 developing understandings of scientific principles, were
disregarded, it was found that sixteen of the remaining
eighteen films went beyond the mere presentation of scientific
information. In addition to furnishing mere facts, Lhese
films summed up the facts with generalizations v/hich met the
criteria for a scientific principle. These generalizations
occurred in frequencies ranging from one to thirteen, averag-
ing about five and one-x.hird principles per filra.^^^ He
further concluded, however, that ” The best available scientific
^^Oreon Keeslar, 'Contributions of Instructional Films
to the Teaching of High School Science, Science Education ,
XXX (April, 1946), 162-166.
^^Ibid
.
,
p. 154.
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1 ilms reveal no delinixe intention or attempt to teach
scient li'ic principles > In fact, ^nearly half (44.1 per
cenu) of the contents of the tv/enty-f our films servea no
unique or specializeci functions and contrihuteu to none of
the x.hree major objectives*”^^
REVIirj OF RESEARCH STUDIES PERTAINING TO
RETENTION OF FACTS,
SCIENTIFIC PRINCIPLES AND GENERALIZATIONS
Frutchey^"^ conducted an investigation on the amount
of material x-hat was retained by students who had taken
a high school course in Chemistry. "The five objectives
01 high school chemistry chosen for study v;ere: the
selection of chemical facts and principles? a knowledge
of chemical terms; a knowledge of symbols, formulas,
and valence; and the balancing of chemical equations
.
All of the above objectives v/ere translated in terms of
the behavior of pupils and tests were prepared—five in
all—'to obtain evidence of each type of behavior.
The tests were given, at the start of the high school
course and repeated nine months later upon completion
of the course. A basis was established by the differences
of the scores attained. The difference represented a gain
^^Ibid
.
,
p. lo4.
^^ Ibid
.
,
p. 104.
^"^F. P. Frutchey, ^Retention in High School Chemistry
Educational Research Bulletin
,
Ohio State University, XVI
(February 17, 19o7), 54-d7.
t>5 ibid
.
,
p. b5.
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tor each student* Exactly one year later the students
were reoesLea. The amount of retention was measured by
the difference of the scores between the third test and
the second test.
Results of this study show that after an absence of
one year "in their application of facts and principles
theii' retention was ninety-two percent of the gain they
(the students) made during the course.
^eigler^*^ tested two groups of students in order to
measure fact retention on the high-school level. One
group consisted of students that had studied general
science three years previously and the second group con-
sisted of students thax, had just completed the study
of general science. Tv;o hunared and twenty—five
multiple choice items based on thirteen units were
administered to the students. The findings showed that
those students that had just completed the study of
general science obtained a mean score of 72.7 on several
of the units tested, while those students that had studied
general science three years previously had a mean score
of 52.0. The findings also pointed out that those
^^ Ibid .
,
p. 37.
^'^Robert T. Zeigler, "A Study of Fact Retention in
General Science," Science Education, XXVI (February, 1942),
do-84
.
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principles wnich v/ere encountered in every day life
were retained to a greater extent than those principles
v/hich were not. encountered in every day life.
Johnson^^ conducted an investigation with respect
to retention of factual knowledge in the courses in element
ary ootany at the University of Minnesota. Tests adminis-
tered to three groups following completion of a course
"showea the following median percentage losses: 46.1 per-
cent after three months; 74.1 percent after lo months; and
76.1 percent after 27 months . •» *»The rate of loss would,
therefore, appear to he quite rapid during the three and
fifteen months after completing the course, followed by
a graaual decline afterwards
.
Xyler®^ conducted a study "to determine the relative
retention by pupils of factual knowledge, ability to
explain everyday happenings, and ability to generalize
from facts
ottpalrner 0* Johnson, "The Permanence of Learning in
Elementary Botany," The Journal of Educational Psychology
,
XXI (January, 1960), 67-47. See Third Digest of Investi-
gations in the Teaching of Science by Francis D. Curtis.
Philadelpnia: P. Blakiston’s Son and Co., Inc., 19o9,
p. 60b*
^^ Ibid .
,
p. 60b.
^^Ralph V/. Tyler, "What High-School Pupils Forget,"
Educational Research Bulletin
,
Ohio State University, IX
(November 19, I960), 490-492. See Third Digest of Investi-
gations in the Teaching of Science by Francis D» Curtis.
Philadelphia: P. Blakiston^s Son and Co., Inc., 1969,
pp. 604-O06.
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Sixuy-eigao stuaen^s who had completed a course in
general science were given a battery of three tests
three months ana twelve months after completing x-he
course to deuermine their amount of retention. The find-
ings shOMi that '»The greatest loss... was in [factual]
information..., v/hereas there was little or no loss in
the ability to explain everyday phenomena and the ability
to generalize from given facts.
Another investigation by Tyler^^ involving da students
who stuaiea elementary zoology at Ohio State University
was made to determine the relative permanence of oheir
learning. Ix. was found that fifteen months after tne
stuuents had completed their course they had forgotten
as much as 77 percent of a type of factual Knowledge,
wnile for the same period of time their ability to apply
scientific principles to solve new problem situations
had increased.
Wert^'^ tested students for three successive years
immediately following the completion of a course in
h^Ibid .
,
p. oOd.
^’-'Ralpn W. Tyler, ’Permanence of Leajrning,“ Journal
of Kigder Education
, IV (April, 193d), 203—204. See Third
Digesx. of Investigations in the Teaching of Science by
Francis D. Curtis. Philadelphia: p. Blakiston’s Son ana Co.,
Inc., 19o9, pp. 305-30d.
o4james E. Wert, "Twin Examination Assumptions," Journal
Of Higher Education
,
VIII (March, 1937), 136-140. See Third
Digest of Invesx>i gat ions in the Teaching of Science by Francis
D. Curtis. Philadelphia: p. Blakiston’s Son and Co., Inc.,
19o9, pp. 310-312.
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elementary zoology. He found a great loss in factual
knowledge, the loss ability increasing v;ith the passage
of each year, contrasted to a marked increase with the
passage of time in the ability of the students to apply
principles in solving new problem situations.
SUM.IARY OF RESEARCH STUDIES
The Thirx,y-*pirst Yearbook and research studies
emanating from the University of Michigan, University of
Chicago, Boston University, Columbia University, University
of Minnesota, New York University, and Ohio State University
justify tne aevelopraent of a functional understanding of
scientific principles as a major objective of the teach-
ing of science.
Robertson, Martin, and Wise have made important
contributions in the statement of scientific principles.
Martin and Wise conducted their investigations osoensibly
for grades I-XIV but actually on a junior-college level;
Jones continued the work on the ninth—grade level. The
criteria for a principle employed by these investigators
appear to be reaching a standard pattern.
Frutchey, Zeigler, Johnson, Tyler, and Wert in their
stuaies on retention have all shov/n conclusively that with
the passage of time factual knovjledge is increasingly
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forgotten, but there is a raariced increase in the ability
of students to use scientific principles to solve nev/
problem situations*
THE PROBLEIvI OF THIS INVESTIGATION
This investigation is an attempt to determine the
principles of physical and biological science that ai-e •
found in eight textbooks of general science for grade
eight publishea or revised since 19bb. The principles
are to be determined by criteria established by the
investigator.
STATEIvTENT OF THE PROBLEM
The problem of this investigation is to determine tae
principles of physical and biological science found in
eight textbooks of general science for grade eight.
SCOPE AND LIMITATIONS OF THIS INVESTIGATION
This investigation is limited to an analysis of eight
textbooks of general science v/ritten specifically for the
eight-grade level. The textbooks analyzed are the second
book of a three—book series in general science for the
junior high school. All books must have been published or
revised since 19o5.
Only those principles will be selected that appear to
the writer to conform to the criteria established for this
investigation
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CHAPTER II
THE RESEARCH
restate:.:ent of the problem
The problem of this investigation is to determine
the principles of physical and biological science
found in eight textbooks of general science for grade
eight
.
TECHInIIQUES ej^loyed
Selection of Textbooks for Analysis
A group of fifteen science teachers in a Seminar
in Science Education at Boston University, 1946-47,
adopted for the purpose of this investigation the follow-
ing criteria as a basis for the selection of textbooks
of general science to be analyzed for the inclusion
of scientific principles. The textbooks must:
1. Be the second book of a three book series in
general science for the junior high school and
therefore be v/ritten specifically for the
eight-grade level;
2. Be published fay ?/ell-known publishing houses
with sales in all regions of the United States;
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o* Be available for use at. the time the SLuay is
s uart.ea
;
4. Have been published or revised since 19p5
thereby giving the authors and publishers
sufficient time to incorporate in the text-
books x.he ideas set forLh in the Thirty-
First Yearbook; and
0. Have been written by men well known in the
field of General Science.
Eight textbooks v/ere found to satisfy the above
five criLeria. Following is a list of the eight text-
books so selected together with an assigned number by
v/hich each textbook is hereafter identified;
1. Science Problems
,
Book S. Wilbur L* Beauchamp,
John C» Mayfield, and Joe Young West, Chicago: Scott,
Foresman and Company, 19o9.
2. Science on the March
,
Book 2. John A» Clark,
Frederick L» Fitzpatrick, and Edith Lillian Smith,
Boston: Houghton Mifflin Company, 194;:5.
o. Our Environment
,
How We Adapt Ourselves to It
,
Harry A» Carpenter, George C. Wood and Paul E. Smith,
Boston: Allyn and Bacon, 1943.
4. The Wonderworld of Science
,
Book Eight
,
Morris
Meister, Ralph B* Keirstead and Lots M. Shoemaker, Nevj
York: Charles Scribner’s Sons, 1944.
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5# Science in Our Social Life
,
George W. Hunter
ana Walter G* Whitman, New York: American Book
Company, iyo5.
6. Bnjoying Science
,
Victor C* Smith and Gilbert
H» Trafton, Chicago: J. B* Lippincott Company, 1942.
’^* Ot»r World Changes
,
Samuel Ralph Powers, Elsie
Flint Neuner, Herbert Bascora Bruner and John Hodgdon
Bradley, Boston: Ginn and Company, 1945.
6. Understanding Our World
,
Franklin B. Carroll,
Philadelphia: John C. Winston Company, 1959.
The major units of the textbooks selected for analy-
sis are lisLed below:
Book 1 .
Unit I What is the Relationship of the Earth
to other Heavenly Bodies?
Unit II How is Force of Gravity Useful to Us?
Unit; III How does the Earth’s Surface Change?
Unit IV Why Do Some Things Rise and others Sink
in Fluids?
Unit V How Do We Use Energy?
Unit VI How Do We Control Heat?
Unit VII What Makes the Weather Change?
Unit VIII How Do Our Bodies Work?
Unit IX How Can You Help Your Body Fight Disease?
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Unit X
Unit XI
Hov/ Does Life Continue on the Earuh?
Hovi? Does Man Take Care of the Plants
ana Animals He Uses?
Book
Unit I Weather and Living Things
Unit II Health
Unit III Fooa
Unit IV Reproduction
Unit V Conservation
Unit VI Earth and Universe
Unit VII Plants and Animals
Unit VIII Energy and Engines
Unit IX Magnets and Electricity
Unit X Transportation and Communication
Book
Unit I V/eather
Unit II The Heavens
Unit III Water
Unit IV Community Sanitation
Unit V Farm and Garden
Unit VI Conservation
Book 4.
Unit I The Solar System
Unit II The Surface of the Earth
Unit III The Continuity of Life
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Unit IV
Unit V
Unit VI
_
5 . ,
Unit I
Unit II
Unit III
Unit IV
Unit V
Unit VI
Unit VII
Unit VIII
Unit IX
Unit X
Unit XI
Unit XII
Unit XIII
Unit XIV
Energy for a World at Work
Energy for Transportation
Energy for Communication
Control and Improvement of the Environ-
ment
Adaptations and Their Value
Proper Air Conditions Bring Comfort and
Health
A Citizen*s Need of Water
How Heat is Used in Home and Community
Light in Home and Community
How We Use Electricity
Simple Machines in the Horae
The Sun, Time, and the Seasons
How the Earth *s Surface Influences
Man*s Activities
The Interdependence of Living Things
Bacteria — Good and Bad
HOW the Community Protects Its Food
supply
How the Community Looks After the Health
of Its Citizens
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Unit I
Unit II
Unit III
Unit IV
Unit V
Unit VI
Unit VII
Unit VIII
Unit IX
Unit X
Unit XI
Unit XII
Unit I
Unit II
Unit III
Unit IV
Unit V
Unit VI
How Does Science Help Us Understanci
Our Surroundings?
How Do Living Things Solve Their Problems?
How Is Air Related to Changes in Energy?
HOW DO We Provide A Supply of Water?
HOW Is Science Helpful in Buying and
Selling?
Whax, Bodies Are Near the Earth in Space?
Hov/ Does Clothing Keep Us V/arm and
Attractive?
How Do We Obtain Help With Our WorK?
How Can We Avoid Illness?
What Changes Have Taken Place in the
Barth’s Surface?
How Can We Plant and Care for a Garden?
HOW Does Climate Affect Our Way of
Living?
The Changing Sky
The Changing Air
The Changing World of Life
The Changing Landscape
Our Life in a Changing World
Conservation in a Changing World
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Book b
Unit I
Unit II
Unit III
Unit IV
Unit V
Unit VI
Unit VII
Unit VIII
Unit IX
Unit X
Unit XI
Hov; Living Things Fit the Earth
Astronomy
V/eather and Climate
Water
Some Plants and Animals or the
House and Garden
Health
The Energy Around Us
Heat in the World
Magnetism and Electrical Energy
Making Work Easier
The Changing World
Upon examination of the subject-matter content
it was readily seen that there was little or no agree-
ment among the authors of different textbooks as to
the subject matter to be taught the students of
general science at the eighth—grade level.
Criteria for a Fr inclple as Found in Textbooks of
General Science for the Eighth Grade
A thorough study was first made of Wise's^
list of 272 principles of physical science and
^Harold E» Wise, A Determination of the Relative
Importance of Principles of Physical Science for General
Education. Unpublished Doctor’s dissertation. University
of Michigan, 1941.
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Mari; in list of oOO principles of biological science booh
of which v;ere ostensibly for Grades I-XIV, inclusive,
buo v/ere most frequenxdy written in language on the junior-
college level. The 14b principles of the physical and
biological sciences found by Jones' in seven textoooKs
of ninth-grade general science were then considered.
This was followed by the scanning of tv/o of the eight
textbooks used in the present investigation. This
perusal revealed that many of the principles found by
Jones^ in the ninth-grade textbooks were also present
at the eight-grade level.
The criteria upon which is based the determination
of the principles in this investigation were then estab-
lished. These criteria were tentatively arrived at by
a study of the criteria of a principle from earlier
investigations. Numerous discussions followed with
members of a Seminar in Science Education conducted at
Boston University. The criteria for a principle as
found in textbooks of general science for the eighth
grade and adopted by fifteen science teachers in a
Seminar in Science Education, Boston University, 1946-47
are
:
<^V/. Edgar Martin, A Determination of the principles
of the Biological Sciences of Importance for General Educa-
tion. Unpublished Doctor’s dissertation. University of
Michigan, 1944.
'JRuth V» Jones, A Study of the Principles of Science
Found in Ninth-Grade Textbooks of General Science, Unpub-
lished Master’s thesis, University of Michigan, 1946.
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To be a principle for the eight-grade level of
comprehension, a sta-oeraent;
1. Must be a comprehensive generalization or a
part of a comprehensive generalization*
2. Must be true without exception within the
limitation specifically stated.
0. Must not be a definition.
4. Must be deraonsLrable experimentally.
b. Must be stated definitely and/or may be implied
in the writings of the author.
6. Must nox, deal with specific substances.
In general, the above criteria agree with those used by
Kobertson,^ V/ise,^ Jones, ° and others.
Method of Analysis of Textbooks for Principles
A study was made of the various topics that were
found in the table of contents of the eight textDOOks
used. Closely related topics were grouped together.
The topics fell generally under the following headings:
Astronomy; Sound; Light; Matter; Energy and Simple
Machines; Weather and Climate; Magnetism and Electricity;
Earth’s Surface and Changes; Fire and Heat; Fluids; and
Plants and Animals. A few chapters of some of the
"^Martin L. Robertson, A Basis for the Selection
of Course Content in Elementary Science. Unpublished
Doctor's dissertation. University of Michigan, 19d4.
See Third Digest of Investigations in the Teaching of
Science by Francis D» Curtis. Philadelphia; p. Blakiston's
Son and Co., Inc., 19d9, pp. 5-19.
i^Vilise, 0£. cit . , p. IS.
hjones, op . cit
.
,
p. 24.
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texts v/hicn could not be classified under any of tne
above headings were grouped under Miscellaneous.
The list of topics thus established was then used
for Lhe orderly analysis of the eight textbooks for
principles, beginning with Astronomy in all eight text-
books and continuing until all eight topics were exhausted.
The eight textbooks were then analyzed carefully for
statements that saoisfied the six criteria of a principle
for tne eighth-grade level of comprehension.
At first each principle was written on a b” x
card; immediately oelow v;as designated the book in
which the principle was found. Each book was given a
number from 1 to b. This method of recording the prin-
ciples was soon discarded. Early in the investigation
it became apparent that the cards needed would become
too numerous to handle with facility.
In order to simplify the work, the principles were
lisLed in table form on x 11” paper. To the right
of Lhe principles were arranged eight columns, each
numbered from 1 to 8, corresponding to the eight text-
books used for the investigation. A checkmark was placed
opposite each principle under each textbook in wnich
such a principle was found at least once. The wording
of the principles found varied from one textbook to
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anotoer. Duo ii’ the implication was present, each text-
hooK was given credit for having the principle.
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Goef f icieni:. of Reliaoility for the Selection
of principles from TexL aoolcs
In order to determine the coefficient of reliability
of the investigator’s judgment in the selection of
principles from textbooKs, one month after the first
analysis the investigator rechecked for principles,
one hundred pages selected at random from one of the
oext books previously analyzed*
As a result of twice analyzing 100 pages from
Book b, it was found that 24 principles were common to
both analyses. Tvjo principles were determined upon
the second analysis which were not determined during
the first reading and also, tv;o principles were deter-
mined in the first analysis which did not appear in the
second analysis. Using the formula: coefficient of
A
reliability equals + B + 0 where A is the number of
principles common to both analyses; B is the number of
principles found to appear only in the list resulting
from the first analysis, and C is the number of prin-
ciples found to appear only in the list of the second
analysis, tne follov.ing v/as obtained; coefficient
24
of reliability equals "ZS or 0.66.
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Vallualion of the Statement of the Principles
The sc-atements of the principles used for this
investigation were compared with the principles of science
conc,ainea in the comprehensive lists formulated by Wise
for the physical sciences and by Martin for the biological
sciences to ascertain their inclusion in these comprehensive
lists. Statements not so included v;ere eliminated. The
criteria for the determination of the principles for this
investigation are in basic accord v;ith Lhose used by
V/ise and Martin.
All remaining stax,ernents of principles were submitted
to a specialist in the teaching of science who checked
dhera for conformance to the criteria established and for
technical accuracy of statement at the eighth-grade level
of comprehension. Any statements of principles judged by
him as not conforming to the criteria and which he could
not rev;ord to conform were deleted from the final list of
principles. Furthermore, if the specialist thought that
the language in a statement of a principle was nox. suit-
able for the eighth-grade level of comprehension, he re-
worded the principle to make it comprehensible at that level.
Thus, the statements of the principles were properly
validated
.
^Vaaen W* Miles, Assistant Professor of the Teaching
of Science, Boston University.
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1
Table I which follows shows the different, prin-
ciples or parts of principles v;hich were found in eight
eightn-grade textbooks of general science placed under
the topics in which they appeared, and the total numbers
of Lextbooks in which each principle was found.
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TABLE I
THE NUMBERS OF EIGHTH-GRADE TEXTBOOKS OF GENERAL
SCIENCE IN ¥/HICH THE DESIGNATED PRINCIPLES OF
PHYSICAL AtTD BIOLOGICAL SCIENCE V/ERE FOUND
Principles
Books in which principles occurred
1 2 o 4 b 0 7 6 'Total
ASTRONOMY
' All the bodies in the
solar system travel
cu^ound the sun. X X X X X X X 7
y The force of gravity
is greater on a larger
ana heavier mass than
on a smaller and
lighter mass. X X X X
s A warm boay or object
tends to lose its heat
to a colder body or
object
.
X X 2
f 'All heavenly bodies
have an attraction
for each other. X X X X X X X 7
h Heavenly bodies are
in motion and tend
to remain in motion. X 1
i Almost all the energy
available on the
earth comes from the
aun.
. _ . — !i
X X
1
X X X X X 7
f
Table I is read thus: The princiiple All bodies in
ttie solar system travel around the sun* was found at least
j
once in each of the textbooits 1, 2, 3, 4, 6, 7, and 6, a
total of seven different books, and was assigned to the
topic Astronomy under which it was found in the textbooks.
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TABLE I ( CONTINUED)
Principles
Books in w lich principles occurred
1 £ d 4 0 7 B Total
The rotation of the
earth causes an appar-
ent rotation of the
stars
.
X 1
The length of time it
taKes for a planet to
travel arouna the sun
depends upon its dis-
tance from the sun. X X 2
It is possible to de-
termine whax. elements
are contained in the
sun by studying their
color and line schemes
through a spectro-
scope . X X X X X X 6
Nearly vertical rays
of radiant energy will
produce greater heat
on a surface than will
the more slanted
radiant rays. X X X X X X
SOUND
Sound travels through
matter.
1
X X 2
The motion of any objec
in the air causes air-
waves v/hich spread out
in all directions.
t
»
X 1
Sound travels in waves. X 1
The faster a body
vibrates, the higher
is the pitch. X
1 1
X
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TABLE I (CONTINUED)
'3
Principles i Books in which principles occurred
1
1
.
o 4 5
j
—
6
1
b Total
1
1
Sound is produced by
vibrating bodies.
j
1
:
i
1
1
J
i
1
,
Higb pitched strings
are tighter than
;
lov/er pitchea strings, j
'
I
1
i
1
1
i
X
1
;
1
1
The loudness or in- i
tensity of a sound
depends upon the i
amouno of air that
i-he sounding body
sets in motion.
,
I
X
:
9
:c|
1
1
1 a
Sound travels by air
particles hitting
other air particles. X 1
LIGHT
!
» Light rays are bent
v/hen they pass from
one substance to an-
other substance of
different density. X 1
,
5- Dark clothing absorbs
more heat than it re-
flects while light
clothing reflects
more heat than it
absorbs
.
X b
When sunlight is
passed through a glass
prism, the primary
colors separate accord-
ing to their v;ave
lengths.
\
1
1
Light travels in
straight lines*
!
3
I
X
t
—
X
—
1
1
5
i
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TABLE I
' Booics in v;hicti principles occurred
Principles
1 2
1
4 ^ 7
'1
Total
' part of the light
striKing a surface is
reflected from the sur-
face .
i
;
:
i
X
1
X
;
!
1
!
1
2
it The sun is the earth’s
main source of natural
light
.
i
I
X
1
’
!
i
^ 2
Images in a plans mir-
ror are erect ana
reversed
.
!
1
X
1
1
1
I
1
t^The intensity of light
decreeLses as the dis-
tance from its source
i
increases*
!
1
1
I
X
j
1
i
1
;
i
i Dark colored surfaces
absorb light better
than light colored
surfaces
i
1
1
""
i
!
(
i
i X
j
2
? Rough or unpolished
surfaces absorb light
better than smooth or
polished surfaces.
I
1
1
!
I
i
1
X 2
Light travels as 7/aves.
j
1 X
i
1
The smoother the surfaci
which light rays strike
the better the reflec-
tion.
&
*
1
X
j
i
1
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‘
1
1
The law of reflection
states that the angle
of incidence equals
the angle of reflec-
tion.
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TABLE I (CONTINUED)
Principles
Books in which principles occurred
1 2 4 1 b Total
Light rays may be bent
by reflection and re-
traction.
1
X X i
1
The higher the tem-
perature in the fila-
ment in a bulb, the
greater the quantity
oi electrical energy
is changed to light.
i
I
!
1
I/tATTEH, ENERGFY AND
SIIvIPLE MACHINES
1
Force is required to
move matter thus do-
ing v/oric. X X X X X 5
Grravity is a force
acting at all times;
every particle of mat-
ter attracts all other
particles
.
X X X X X 5
Friction produces heat;
no two boaies can be
rubbed together without
a change of some of th€
mechanical energy into
heat energy.
1
X X X 3
Work is done when a
body is moved. X X B
The more energy poss-
essed by a body the
greater is its ability
to do work. X X X X 4
Sliding friction is
greater or offers more
resistance than roll-
ing friction. X X X
i
1
X 4
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TABLE I (CONTINUED)'
Principles
All moving objects anci
moving materials have
energy of motion or
Kinetic energy.
The more energy stored
due to position the
greater the potential
energy.
All objects or mater-
ials that are not
moving have stored or
potential energy.
The longer a pendulum
the more slowly it
swings; the shorter a
pendulum the more
rapidly it swings.
Oojects at rest tend
to remain at rest,
while objects in
motion tend to con-
tinue in motion.
The heavier an object,
the greater is its
inertia.
In a machine, the pro-
duct of the force
times the aistance
through v;hich it moves
equals the product of
the resistance times
the distance through
which it moves.
Booics in which principles occurred
,
1 4 b Total
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XABLE I (CONTINUED)
Boolcs in whicb principles occurreci
1 2 3 4 5 0 7 b Total
A smootb surface offers
less resistance to
motion tban ooes a
rough surface. X X X X 4
Pi-icoion is always
encounuereh whenever
woric is cone. X X 2
A houy in circular
motion tends to fly
outwara in a straight
line maKing a right
angle with the raaius
of the circle. X X
i
X 3
The amount of work
obtainea fx-om a machine
is never as much as the
amount of v.'ork put into
tne machine. X 1
Two masses of matter
cannot occupy the same
space at the same time. X 1
All matter has v/eight
ana takes up space. X X a
IiCatter can be changed
in form. X 1
Every substance is com-
posed of very small
particles called
molecules. X 1
All molecules of the
same material are
identical and attract
each other.
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1 Books in which principles occurred
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Energy can be changed
in iorni, but cannot be
created or destroyed
easily by man.
V/EATHER AND CLIMATE
X X
Increasing the pressure
on a confined gas, de-
creases the volume, ana
reducing the pressure,
allov/s the volume to
increase. X 1
(iases expand when
heatea and contract
when coolea. X 1
The higher the tem-
perature of the air,
the greater is the
amount of moisture
required to satu-
rate it. X X 1
1
Heat radiates from
the grouna much more
easily into dry than
into moist air. X
i
1
1
1
i
1
Ocean temperatures are
less variable from
time to time in the
same place than is
the temperature of the
land
.
When air is cooled
sufficiently, the
moisture in it con-
denses .
_ . . _
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Books in which principles occurred
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Air moves from points
01 greater pressure to
points of less pressure
causing air currents
or winds
.
Differences in tem-
^ peracure causes
differences in atmos-
pheric pressure and
tnese differences
cause winds.
Whenever air is
heated, a given
volume of it becomes
lighter ana is then
pusheu upward by the
greater pressure of
the cooler, heavier
air around it.
^'’The sun, earth, and
earth's motion are
closely related to
the v/eaLher.
pVSolitis# liquids, and
gases usually expand
when heated and con-
tract when cooled.
The pressure of the
wina increases as the
square of its velocity.
^-7 The warmer the air the
more moisture it can
hold; the colder the
air the less moisture
it can hold.
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Principles
v-Heat energy tends to
move from a body of
higher temperature to
a body of lower tem-
perature .
The more slanting the
rays of the sun, the
less heat the rays
supply.
The temperature of
the air of a place is
affected by the direc-
tion of winds.
5 Water has a greater
capacity for absorb-
ing heat than any
other common sub-
stance .
1 8 3 4 5 LI][Z
Books in which principles occurred
X
X X
X
X 3
When water takes up
i^'heat, it evaporates
to ivater vapor; and
when water vapor
cools or loses heat,
it condenses to
water.
MAGNETISM AND ELECTRIC 11
Atoms are made of
three kinds of
electrical particles:
positive, negative,
and neutral.
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Books in wtiich principles occurred
a o T Total
Upon increasing the
resistance in an
electrical circuit
wiuhout Changing the
voltage or electrical
force, a smaller cur-
rent flov;s; when the
voltage is increased,
a larger current flows. X X a
Change the direction of
flo'w of current in a
wire and the magnetic
field around the wire
changes direction.
When a substance is
heated by electricity
to a sufficiently high
degree or temperature,
it glows because a
part of uhe heat
energy has been urans-
formea into light
energy.
All wires carrying an
electric current
resist the flow of
the current; the
greater the resistance,
the hotter the v/ire.
All wet cells change
chemical energy into |
electrical energy.
Magnets have lines of
force about their
poles * X
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Principles
Books in v/hiCQ principles occurred
1^ k o 4 5 6 7 6 Total
When a magnet is
allowea to iloat
ireely, it will turn
until it points north
and south. X X X
An electric current
may be produced by:
(1) rubbing or fric-
tion; (ii) by chemical
action; (5) by the use
of magnets. X X a
Unliice electrical
charges attract and
liKe electrical
charges repel. X X X X X 5
£^TH»S SUjKPACS
AND CHANGES
The surface of tne
earth has been unuer-
going constant gradual
changes from its very
beginning. X X X X X 5
The farther below the
^surface a stratum of
rock lies, the older
it is. X 1
Running water, wind,
glaciers, and other
agencies are con-
stantly moving soil
ana rocks from higher
levels to lower levels. X X X 5
^ The surface of the
ear oh is constantly
changing. X X X
1
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1
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Principles
Books in wbich principles occurred
a 6 Total
,-7Two groups of things
are const.anx.ly acting
on the earth's sur-
face, one building it
up and the other
Gearing it. down.
I
I
X X
4 All oodles are
attracted to the earth
by a force called
gravity. X X
Rocks are changed in
^ form anu shape by
the action of heat,
v/ater, and pressure. X o
j2-Xhe weather appears
to repeat itself
every twenty-three
years *
^2 Only a part of the
earth has emerged
from the Ice Age.
The number of sun
if spots on the sun
increases at eleven
year intervals.
Disturbances at the
' surface of and in the
j
sun have considerable
effect on tne earth, 1
especially on sending
messages by telephone,
telegraph and radio.
Soil is composed of
small parts of rocks. X X
X
X
X
X

TABLE I (CONTINUE)
Princ iples
Books In v/hich principles occurred
1 a o 4 5
1
6 7 a Total
Fossils give us infor-
mation about life on
earth before present-
day life. X X X X X 5
^
Some coasts are rising
while others are sink-
ing. X X X X X X 6
A valley goes through
u -three stages of aevelop-
rnent, youth, maturity,
and old age
.
X 1
FIRE AM) HEAT
The sun is the earth's
'h most important source
of heat. X 1
A fuel bums only if
heated to its kindling
temperature in air. X 1
Heat radiates outward
from its source in
straight lines and in
all directions. X A X o
Dark colored objects
ajDSorb radiant heat
faster than light
colored objects. X 1
Whenever two bodies
ax’a in contact, the
v/armer body SLlways
gives some of its heat
energy to tae colder
body. X X
Heat increases the
speea of evaporation
of liquids.
^
X
1
1
1
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principles BOOKS in v;liicQ principles occurred
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Most, substances can be
changed from one state
(solid, liquid, or gas)
to another by being
heated or coolea.
All energy, whether
mechanical, electrical,
or light, produces heat
v.'hen it acts on matter.
The angle at which the
sun’s rays strike the
earth affects the
6Lraount of heat absorbed.
A certain amount of
neat must be in matter
before matter can be
changed from one state
(solid, liquid, or gas)
to another.
Keat can be
f erred from
to another.
trans—
one body
Whenever air is heated,
a given volume of it
becomes lighter and is
then pushed upward by
the greater pressure
of the cooler, heavier
air arouna it.
Heat is used to
destroy bacteria.
Gases are poor con-
ductors of neat.
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Principles Booics in which principles occurred
a 4 ! 6 6 Total
FLUIDS
^
Pluius, v/hen heated, do
not lose weight but
merely expand in size*
Fluias (liquios or
gases) that are heated
acre pushed up by the
heavier, colder fluids
immediately below and
to the side of them.
=)i
The more the tempera-
ture of a liquid is
raised, the greater is
the amount of a solid
that can be dissolved
in the liquid.
Dissolving substances
>? in water will raise
the boiling point and
lower the freezing
point
.
Increasing the pressure
of the water vapor
above water in a closed
container raises the
boiling point of the
water.
A body immersed or float-
ing in vtfater or a
liquid is buoyed up
by a force equal to
the weight of the
liquid displaced by the
body.
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Principles
Booics in which principles occurred
4 6 7 tt Total
Water seeks its own
level
.
X X a
At a point in water,
or any liquid, ohe
force exerted in
every direction by the
liquia is the same. X X X 3
V The pressure under
^ wacer becomes greater
as Cihe distance belov/
the surface becomes
greater
.
X X £
Heao changes waxer
from a solia state, to
a liquid state, to a
gaseous stax.e; this is
one-half of the water
cycle
/.’Air exerts pressure.
Whenever a confined
gas is reduced in
volume, the pressure
it exerts is increased.
X X
X
I
X
X 3
a
X X X 6
Air pressure will not
^ balance a column
of water more than
thirty-three feet high.
PLAilTS AND ANIFiALS
X 1
Plants need sunlight,
warmuh, moisture,
goou soil, and
minerals. 2
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^ Total
Usually in order that,
an ovum, may develop,
Che egg nucleus v/ithin
It musb combine v/ith a
sperm nucleus. X X X X X 5
Most green plants
develop many more seeds
than they possibly need
to Keep their Kind on
earth if all the seeds
grevi/ into plants. X X X X 4
Only a fev; of the
many seeds that are
formed actually grow
and produce plants. X X X X 4
Seeds are adapted so
Ghat they may be
scattered in different
ways
.
X X X X
,
X X 0
Leaves, v;ith the aid
of energy from x.he
sun, raaKe starch from
water and carbon
dioxide
.
X X X X 4
All animals are aliKe
in that they meet
changing seasons in
some way. X X X 3
The process of losing
water taKes place much
less rapidly in spiny
than in leafy plants. X 1
Maji is the most widely
adapted living thing.
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73 ClimaLe and weather
influence the health
and energy of man more
than most other condi-
tions .
Oxygen must come in
contact with digested
food before the food's
energy can oe released.
The human booy in-
directly cnanges the
energy of the sun
into the energy of
motion.
?v Man needs energy in
order to live.
^ The rate at which
energy is released
is greatly increased
with vigorous
exercise
.
All living things are
made of small units
called cells.
^j^Man cannot live with-
out food.
All energy used by
plants and animals
can be x^raced to the
sun.
All cells of the body
use energy.
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Evaporation or perspira-
tion occurs faster in
dry air than in moist
air.
1
X 1
CarDohydrates
,
fats,
and proteins are
essential for life. X X X o
Life exists from the
depth of the oceans
GO the mountain
heights
.
X X X o
Living things are
found everywhere. X X X o
parasites live on
many icinds of liv-
ing things. X X X X 4
Some living things
depend upon each other
for getting part of
what they need in
order to live. X X X X 4
Every kind of liv-
ing thing, in spite
of their enemies,
seems to produce
enough life to con-
tinue its Kind on
earth
.
X X X o
Cells are constantly
being destroyeu and
rebuilt
.
X 1
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New organisms are pro-
duced from some part
or parts of an old
organism
.
X 1
. .The higher animals
^ protect and care for
their young until
the latter are able
to taKe care of them-
selves . X X X o
Living tnings are
constantly striving
“ witn each other for
the available supply
of food. X X X 6
Living things by their
S'flife activities affect
the welfare of other
living things. X X 2
^‘;>Life comes from life. X X X X X 0
^^All living things
need air or oxygen. X X 2
Cells are organized
in the body in order
to carry on division
of labor. X 1
Contagious diseases
have a definite number
of days from the time
germs enter the body
and begin to grow until
tne person shov/s signs
of the disease. X X
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Boaies of all living
things are rnaae up of
cells
.
X 1
Nature tries to main-
tain a balance.
Man cannot live without
water.
X
X
X 2
X
,
2
<s'S Living things cannot
exist long without
water. X X X X !
Our food supply would
vanish without green
plants and sunlight. X X 2
5
Green plants can be
.^killed by preventing
^ their shoots from
reaching the sunlight.
Some diseases are
caused by plants or
animals living in the
human body.
X 1
1
Decay is usually
j caused by bacteria,
molds, and mildews.
MISCELLANEOUS*
Air pressure decreases
Pthe higher we go. X X
These principles, all physical science, were not found
under any of the preceding topics or units used in this table.
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Keat travels by con-
‘^^dluction, convection,
and radiation.
’
X 1
When a gas expands, it
takes in heat; when a
gas contracts, it. gives
oft heat. X 1
The greater the pull of
^>,the earth’s gravity on
a body, the greater is
the weight of that
body
.
X X 2
Friction and inertia
must be overcome to
move one surface over
another. X 1
Heat causes molecules
,^i^to move rapidly
thus causing heated
gases to expand. X 1
si"* Friction produces heat. X 1
^
Objects in fluids are
buoyed up by the fluid. X 1
The pressure of rapidly
flowing air is less
than that of still air. X 1
c^fBnergy is needed to do
v/orK. X X
1
2
Regardless of size,
objects fall to the
ground in the same
length of time. X
T 1
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Heavier objects have a
ir stronger attraction for
each other than do
lighter objects. X 1
Cloth fibers are poor
‘
conductors of heat.
-
X 1
A large amount of heat
^^is required to evapor-
*"ate a small amount of
water. X 1
Heat loss is prevented
by the use of insulators • X X 2
The pressure of v;ater
at any point below its
surface is alv/ays
equal to the weight of
the water and air above
that point. X 1
Water passing rapidly
through pipes exerts
less pressure than
water standing still. X 1
The closer the centers
^
of two bodies are
together, the harder
they pull on each other.
1
X
--
«
1
B~^inuinaS Table I . One hundred and eighty-six principles
or science, most of v;hich are parts of a more comprehensive
principle or broad generalization, appear in the eight text-
booKs analyzea. Of the twenty principles appearing in a
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majority of the cextbooks analyzed, sixteen are physical
science principles and only four are biological principles.
Physical science is therefore emphasized at the eighth-
grade level almost to the exclusion of biological science.
O
Follov;ing the topics or units listed are the numbers of
different principles or parts of principles found in a
majority of the textbooks analyzed: Astronomy, 5; Matter,
Energy, and Simple Machines, o; Weather and Climate, a;
Magnetism and Electricity, 2; Earth *s Surface and Changes, 4;
and Plants and Animals, 4. None of the principles are
included in all eight textbooks. This table glaringly
poinos out the fact that authors of general science text-
books for use in the eighth grade have reached comparatively
little agreemeno on the principles of science to be taught
in the eight—grace course of general science.
Table II which follows shows the number of physical
science and biological science principles which were deter-
mined for each of the eight textbooks of general science
wnicn were analyzed for this investigation. Also included
in the table is the relative percent of the number of
physical science and biological science principles found
»
in the textbooks
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TABLE II
TOTAL NUMBER OF DIFFERENT PRINCIPLES IN
THE FIELDS OF PHYSICAL SCIENCE AND BIOLOGICAL
SCIET.^CE AS FOUND IN EACH TEXTBOOK
Field of Science
Princi pies in Book Principles
1 2 4 5 6 7 8 Numuer Percent
Physical Science 59 17 62 46 45 45 19 61 144 78
Biological Science
t
16 11 5 8 18 20 16 16 42 22
Total
r
75
I 28 67 51 66 65 67 74 186 100
’^Taole II is read ttius: Book. 1 contained oy oi' a total
01 144 physical science principles and 16 of a total of 42
biological science principles, etc. One hundred and forty-
four or 78 percent of the 186 different principles were prin-
ciples of physical science.
Findings Table II . Table II clearly illustrates the degree
of emphasis placed on the fields of physical science and of
biological science in each of the textbooks. The eight text-
books yielded a total of one hundred and eighty-six different
principles of which one hundred and forty-four or seventy-
eight percent were principles of physical science, and forty-
two or twenty-two percent were biological principles. Every
one of the textbooks contained a greater number of principles
of the physical sciences than of the biological sciences.
Taole III shows the number of different principles by
topics found in eight eighth-grade textbooks of general
science
.
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TABLE III
ivfUMBEK OF DIFFERENT PRINCIPLES BY TOPICS
FOUND IN EIGHT EIGHTH-GRADE TEXTBOOKS OF GENEl-LAL SCIENCE
Topic
Total
Number of
Different
Principles
Book Number
Average
Number of
Principles
per Book
1 a d 4 5 6 7 b
^Astronomy 10 0 4 7 6 3 D b 7 5.3
sound o — — — 5 — 6 — — 1.3
Light 10 - 1 - 7 b — 1 6 a.b
lyTatter, Energy
and Simple
Machines lb 1 — 9 11 9 — 13 7
Weather and
Climate lb 7 b Id — 1 6 b 6 b * b
Magnetism and
Electricity 10 — 5 - 6 b b - 7 3*3
Earth's Surface
and Changes lb 9 - - 4 7 4 b 10 b.a
Fire and Heat 14 10 — 1 - 6 a -* b 3.0
B'luids Id 6 - 7 - 4 a — 7 0.3
Plants and
Animals 42 16 11 5 b 18 ao lb 13 13.6
Miscellaneous lb 6 1 4 6 - 6 — - a.b
Total lb6 7b ab 37 bl 63 6b 37 74 • O
ent principles of Astronomy, 10, Book 1 contained o. Book 2
contained 4, etc., and the average number of principles for
dhe eight textbooks was 5. 5*
Findings Table III. Table III clearly indicai,ea the lack
of agreement between the writers of the eight general science
textbooks employed in relation to the number of principles wnich
ir
o
shoula be includea in the various topics of general science
ao the eighoh-grade level. The relationship between the
actual total number of principles determined alter analyz-
ing i-he eight, books and the total number of principles
found per book presents little or no correlation. A
situation existed also, whereby even though certain topics
were included in some of the textbooks, there were no
principles assigned to the books through the use of the
criteria established.
raole IV which follows shows the total number of
principles determined after analyzing the eight textbooks
of general science and the number of principles which were
found in each of the eight books. Also included is the
relative percent per textbook of the total number of prin-
ciples found after analyzation of the eight textbooks.
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XABLE IV
rOTAL NUI.IBER OF DIFFERE1':T PRINCIPLES FOUND IN EIGHT
EIGHTH-GRADE TEXTBOOKS OF GENERAL SCIENCE AND
NUMBER AND PERCENTAGE OF THE TOTAL FOUND IN EACH BOOK
Total Number
of Different
Principles
Num ber of Different Principles in Book Average
1 2 5 4 5 6 7 6
*lbo 75 2b 57 51 63 65 57 74 55
Percent of 40
1
1
15 19 27 55 34 19 59 2^b
lerenu principles found in all eigh^ docks, 75 or 40 percent
were found in Book 1, 2b or 15 percent in Book 2, etc., for
an average of 55 different principles per booK, or an aver-
age of 2b percent of tbe toLal Ibb principles.
y Findings Table IV . Table IV indicates x-nat. altbough Book 1
and Book b have an almost identical number of different prin-
ciples which, even x-hough high when compared to ^he remaining
six booKs, still are far below the total number of aifferent
principles which were included in the x.extbooKs of general
science at the eighx.h-grade level. An average of 5o differ-
ent principles were determined per book with an average per-
cent of 2b when compared v/ith the lb6 different principles
found. The average percent of principles found in toe text-
bo oks ranged from a low of 15 to a high of 40.
Table V, which follovi/s, shows the total various topics
included in the eight books of general science analyzed for thi
investigation and the individual books wherein these topics
were found*
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TABLE V
NUMBER OF DIFFERENT TEXTBOOKS OF GEIsTERAL SCIENCE
IN 17HICH MAJOR SUBJECT-r.!ATTER TOPICS APPEARED
Topic Book Number Total
1 2 o 4 5 6 V 8
'Astronomy X X X X X X X X 8
Sound ana Light X X X X 4
Matter, Energy ana
Simple Machines X X X X X X 6
Weather ana Climate X X X X X X X 7
Magnetism and
Electricity X X X X X 5
Earth *^s Surface and
Changes X X X X X X o
Fire and Heat X X X X 4
Fluids X X X X X 0
Plants and Animals X X X X X X X 8
Miscellaneous
i
X
!
X
!
X
i
i
X
,
X 1 X
^
b
,
1 i I *
.
» I I s 1
Table V is reaa thus; The topic Astronomy was louna
in Book 1, Booic 2, Book S, etc., for a total of eight books
showing tnat all books contained the topic of Astronomy.
Finaings Table V . Table V shows the follov/ing: The topics
of the eight eighth-grade general science books were found to
be present to the following extent: Astronomy in eight booKs

VI
Sound and Ligni* in four books; Matter, Energy and Simple
Machines in six books; Weather and Climate in seven books;
Magnetism and Electricity in five books; Earth »s Surface
and Changes in six books; Fire and Heat in four books;
B^luids in five books; and Plants and Animals in eight books.
SU:.i:.'IARY OF FINDINGS
The investigation revealed that a total of one hundred
ana eighty-six principles of physical science and biological
science were aetermined upon analyzing the eight textbooks of
general science usea for this study. Of this total number
one hunureo and forty-four were physical science principles
while the remainder, forty-two, v^ere biological science prin-
ciples. Tv/enty principles (sixteen physical science principles
and four biological science principles) appeared in a majority
of the textbooks analyzed. Following the topics or units listed
are the number of different principles found in a majority of
tne textoooks analyzea: Astronomy, 5; Matter, Energy and
Simple Machines, b; Weather and Climate, SJ Magnetism and
Electricity, 2; Barth*s Surface and Changes, 4; and Plants
and Animals, 4.
Book I contained seventy-five principles or forty per-
cent of the total number of one hundred and eighty-six prin-
ciples determined. This represented the largest total of the
eigat textbooks analyzed. The lov/est number of principles,
twenty—eight or fifteen percent of the total number of
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principles, was determinea for Boole II. The average num-
ber of principles determined for all eight textbooks was fifty'
three principles for an average of twenty-eight percent of
the total number of principles determined for all eight
textbooks •
The fopics of the eighx. eighth-grade general science
books were found to be present to the follov/ing extent;
AsLronomy in eight booKs; Sound and Light in four books;
Matter, Energy and Simple Machines in six books; Weather
and Climate in seven books; Magnetism and Electricity in
five books; Barthes Surface and Changes in six books; Fire
and Heat in four books; Fluids in five books; and Plants and
Animals in eight books.
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CHAPTER III
SUI/uvlARY, CONCLUSIONS AND RSCOMLIENDATIONS
RESTATEMENT OF THE PROBLEM
The problem ot this investigation is to determine the
principles or the physical and biological sciences round in
eight textoooKs or general science for grade eigbt.
SUIC/iARY OF TECHI'.IQUES ELIPLOYED
This investigation was conducted alter selecting eight
textbooKs which conlormeu to the criteria of textbook selec-
tion as established oy the investigator and approved by the
Seminar in Science Education at Boston University. The
booKS were then analyzed for principles and ohose statements
which conformed to the criteria of a principle were chosen.
The principles were then reviewed oy a specialist in the
field of the teaching of science. This specialist checked
them for conformance to the criteria established and for
technical accuracy of statement at the eighth—grade level
of comprehension. Any statements of principles judged by
him as not conforming to rhe criteria and which he could
not reword to conform were deleted from the final list of
principles. Furthermore, if the specialist thought that
the language in a statement of a principle was not suitable
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for tfcie eigiith-grade level of comprehens ion, he reworded
the principle to raaKe it comprehensible at thax. level* Thus
the statements of the principles were properly validated*
The opinion of the specialist was the opinion adhered to by
the investigator. Some of the principles were restated and
others were deleted. Then followed a random sampling
of 100 pages for reanalyzat ion to determine the coefficient
of reliability for the selection of principles from text-
books. This coefficient of reliability was determined to
be 0»bb*
SUin^IARY OF THE FINDINGS
The investigation revealed that a total of one hundred
and eighty—six principles of physical science and biological
science were determined upon analyzing the eight textbooks
used. Of this total one hundred anu forty-four principles
or seventy percent were physical science principles while,
the remainder, forty—two principles or twenty—tv/o percent
were biological science principles. Only sixteen physical
science principles ana only four biological science prin-
ciples of x.he total of one hundred and eighty-six principles
found were contained in a majority of the textbooks. Follovs/
ing are the number of different principles under the topics
in wnich they were found in a majority of the textbooks:
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Astronomy 5J Matter, Energy and Simple Machines Weather
and ClimaLe 2; Magnetism and Electricity 2; Earth »s Surface
anu Changes 4; and Plants and Animals 4.
Book I had seventy-five or forty percent of the total
number of one hundred and eighty—six principles found in
the eight textbooks of general science analyzed* Book II
contained the smallest number, having twenty-eight principle
or fifteen percent of the total number. The average number
of different principles for the eight textbooks was fifty-
three principles for an average of twenty—eight percent.
All textbooks included principles under Astronomy, and
plants and Animals. Principles for the other topics were
present to the following extent: Sound in two books; Light
in five books; Matter, Energy and Simple Machines in six
books; Weather and Climate in seven books; Magnetism and
Electricity in fi \e books; Earth ^s Surface and Changes in
six books; Fire and Heat in five books; and Fluids in five
books
.
The authors of the eight books agreed unanimously
that two topics or units. Astronomy, and Plants and Animals,
should be incorporated in textbooks of general science for
the eight—grade level. For the remaining topics, the follow
ing was found to be true; the topic, Weather and Climate,
was found in seven textbooks; the topics Matter, Energy and
Simple Machines, and Earth's Surface ana Changes were found
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In six books; tbe topics Magnetism, and Electricity, and Fluids
were round in five books; and tbe topic Fire and Heat was
found in four books*
CONCLUSIONS
This study revealed Lhat even though one hundred and
eighty—six different principles: were found in the eight books
of general science analyzed, many of these principles were
only implied and not stated definitely as principles.
The v;ide range in the number and nature of the different
principles used in each book shows that there is lack of agree
ment among authors as to ho7/ many and which principles should
be incorporated in the textbooks of general science for the
eight—grade level. This is not in agreement with the object-
ives of the Thirty-First Yearbook .
It was unanimously agreed fay the authors of the eight
textbooks analyzed that the major emphasis at the eighth-
grade level is to be placed upon the physical science prin-
ciples rather than the biological science principles*
In the analysis of the same eight textbooks for topics
or units, it was apparent that here, also, little uniformity
existed in relation to the major subject-matter topics or
units to be studied in general science at the eight-grade
level
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uIdOda eoXqi-jniTq doid\Y bns "na;ii ;*70d cj as a-xodJus gnosns insa
©d:^ lo'i soneioe Xs-ionag ic eiioodJXSJ odJ- al ;beas’ioq'iooni sc
-Josr^oo and- nJrl’.v J-i'.ft,T«s6'ig3 nl jon ai aidl' .leTsI £bs'i|i~Jdgi
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RECOMI-TENDATIOMS
It is recommenaea that the seventh—grade textbooks
of general science be analyzed for principles and that
tne principles so found be v/ritten in a language
appropriate to the seventh-grade level* This, then,
vjould complete the analysis of the general science text-
books at the junior-high-school level for principles,
ana would definitely lay the groundwork for subsequent
research leading to further standardization of a list
of important scientific principles, a functional under-
standing of which should be developed to a marked degree
at definite grade levels in general science courses*
The principles of general science should be stated
so that they v/ould be easily understood by the pupils
at the grade level for v;hich intended* This last fact
should be recognized by future authors of general science
textbooks of the junior—high-school grades if teachers are
to be expected to make any progress at all in teaching science
through the medium of scientific principles*
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